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INTRODUCTION. 

There is a surprising lack of exact information on the cause of 
color in minerals, even in many of the common varieties. 'Hiis is 
especially true of minerals possessing exotic color in contradistinc- 
tion to those having natural color, dependent on chcmiciil com- 
position. The literature is largely" a foreign one, is comparatively 
small but scattered, and mucli of the earlier work is of dou])tfiil 
value. xVgain, there is an almost entire lack of reliable analyses 
involving accurate determinations of the minute quantities of 
colorativc substances (pigments) diffused through minerals v/hich 
exhibit exotic color. 

Decided progress, however, has been made in recent years in the 
study of cause of color in dispersely colored minerals, many of 
which arc known to be very sensitive to high temperatures and 
in some cases even to daylight. The chemical nature of the coloring 
substances is less well known and opinion on the subject is divided. 
Heating tests for destroying color and its restoration on exposure 
to the emanations of Koentgen, cathode, or radium rays are used to 
distinguish between colorative substances of organic and inorganic 
nature. Also by the use of the ultramicroscopc and the application 
of the principles of colloid chemistry the nature and composition of 
the substances causing color may be determined. 

The present paper gives the results of some experiments recently 
completed by the writers on the color of several varieties of quartz, 
and a brief summary and discussion of the work by otbei*s on the 
same varieties of the mineral.^ There is included on page 559 a note 
by George Steiger, Chemist to the United States Geological Surve}^ 
of some quantitative determinations made of manganous oxide 
(MnO) in rose quartz from Creede, Colorado, and in amethyst from 
an unknown locality. Especial attention is directed to the analyses 
of amethyst and rose quartz from Jiiaiiy difl’crent localities tabulated 
on page 554. 

* The ^^Ti^e^3 are Indebted to Dr. Fdgar T. Wherry, of the Unlled States Xatioua) Museum, for helpful 
suggestions offered on reading the manuscript. 
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ANALYSES. 

Preparation of samples. — Twelve thoroughly clean and fresh repre- 
sentative samples, eight of rose quartz and four of amethyst, from ] 

different localities were selected for analysis. Each sample was q 

crushed without grinding in a steel mortar and passed through | 

silk gauze having 13 meshes to the millimeter. The powder was ' 

placed in a porcelain dish and dilute hydrochloric acid added and j 
allowed to stand for about 10 minutes, when it was diluted with 
water, allowed to settle, and the liquid decanted off. This treat- 
ment vdth dilute hydrochloric acid and washing with water was 
repeated seven or eight times, after which the liquid gave no indica- J 

tion of the presence of iron. The samples were then dried on the j 

water bath and used for anatysis. ' 

Methods of analysis, — From 4 to 5 grams of the sample, prepared 
as outlined above, were accurately weighed into a platinum crucible 
and treated with a few drops of sulphuric acid and hydrofluoric acid 1 
and heated until all silica was volatilized. The residue was fused 
with sodium carbonate and the melt dissolved in nitric acid. The 
resulting solution was examined for iron, manganese, titanium, and 
cobalt, according to the methods outlined by Hillebrand.^ 

Iron was determined by titrating with potassium permanganate 
solution, 1 cc. of which was equivalent to 0.00067 gram of ferric 
oxide. Manganese and titanium were determined colorimetrically. 

The precipitate of cobalt sulphide was so small that it was not 
feasible to handle it gravimetrically, so that the filter containing it 
was ignited and the total residue taken up in a borax bead. The 
color of the beads varied from a faint blue to a clear and distinct 
blue, but in no case was the bead highl}' colored. 

The results obtained on analysis follow in tabular form : 



Partial analyses of amethyst and rose quartz. 
[R, E, Beard, analyst.] 



No. 


Variety. 


Constituents determined. 


TiOz. 


MnO. 


1 1 

F 02 O 3 . i 


CoO.» 


I 


Amethyst... 


0. 00199 


0. 00036 


0. 0775 
.0382 : 


Distinct blue color. 
Do. 


II 


.00166 


. 00068 


Ill 5 




.00145 


.00085 


.0404 ! 


Do. 


IV 


do 


. 00521 


.00029 


.0935 


Do. 


V 


Rose 


. 00577 


. 00052 


.0679 


Pale blue color. 


VI 


do 


.00139 


.00068 


,0399 


Do. 


VII 


do 


. 00269 


.00017 


. 0578 


Distinct blue color. 


vui 




. 00288 


. 00074 


.0351 1 


1)0.^ 


IX 


do j 


. 002S8 


. 00036 


.0042 . 


Pale blue color. 


X 


do 1 


. 00405 


.00018 


.0067 


Very pale blue color. 
Pale blue color. 


XI 




. 00289 


. 00057 


.0032 ! 


XII 




. 00293 


.00017 


.0040 - 


Do. 


X11I5 


Blue ' 


.06900 


.5390 1 

1 











* Flillebrani, W. F.: Bull. 42?, U. S. Survey, 2^9 pn. 

s Precipitate of cobalt sulphide was too small to handle gravimetrically but was ignited and taken 
up in a borax bead with the color results shown in table. 

» Same as II, except more deeuly colored and a s’n:;le large crystal was used for analysis. 

< Bead was colored a deeper blue than for any other of the 12 samples analyzed. 

I 6 Analysis by Robert Robertson. Tho Virginias, 1885, vol. 6, p. 2. 
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I. Princo Edward County, Virslnia. Collected by William M. Thornton, Jr. Furnhlied by Prof 
F. P. Dunnlngton, University of Virginia. 

II. Madison County, Montana. Furnished by Foote Mineral Company. 

III. Madison County, Montana. Furnislied by Foote Mineral Company. 

IV. Brazil, South America. Furnished by Foote Mineral Company. 

V. Amazon claim, 3 miles north of Texas Creek, Colorado. Furnished by D. D. Sterrolt through United 
States National Museum. 

VI. South Dakota. Purnished by U nited States National iluscum. Spreimen without number. 

VII. Greenland. Furnished by United States National JIuseum. Cot, No. 0.')S2. 

VIII. South Dakota. Furnished by United States National Museum, ('at. No. R438.V 

IX. South Dakota. P'urnished by United States Notional Museum. No number. 

X. Paris. Maine. Furnished by United Stales National Museum. Cat. No. Si.392. 

XI. Southford, New Uaven County, Connecticut. Furnished bv United Slates Notional Museum. 
Cat. No. S69I5. 

XII. New York (probably Bedford). Furnished by United States National Museum. Cat. No. 1 * 031 . 

XIII. Uutile district, Nelson County, Virginia. 

As tabulated the figures disclose rather marked variation in each 
of the constituents for both the amethyst and rose varieties of f|uarlz. 
When individual analyses are considered, it is observed that amctli 3 "st 
contains the highest percentage each of manganous oxide (MnO) and 
ferric t'-xide (Fc 203 ), uvliile rose quartz slioxvs the highest percentage 
of titanium dioxide (TiO,) and the lowest percentage each of manga- 
nous oxide (MnO) and ferric oxide (FcoOg). The average percentages 
of the individual constituents determined for the two varieties of 
quartz are as follows: 



TiOj. MnO. FcjOi. 

Amethyst quartz 0.002577 0. 0005G5 0.0002-40 

Kose quartz 003185 . 000423 . 002735 



PETROGRAPHY. 

A thin section was cut from each of tlio 12 specimens analyzed 
(eight of rose quartz and four of amethyst) and studied micro- 
Bcopicalty. In each thin section the quartz was colorless and 
exhibited the features common to vein quartz in general. Tlireo 
of the sections of rose quartz and one of amethyst exhibited slight 
to distinct wav}’ extinction, with optical disturbance not noted in 
either of the other eiglit slides. Inclusions of vaiydng nature, 
chiefly mineral (solid) but sometimes liquid, vrere develo]U‘(l in 
each slide and in several they were fairl}^ abundant. Tlieir dis- 
tribution was usuall}" irregular but at times the}' were parti}" arranged 
in lines. 

The identity of most of the mineral inclusions could not be defi- 
nitel}^ established. With only one exception (amctliyst), rutile in 
the form of noodlc-hkc inclusions was definitel}" determinetl as 
being present. The rutile inclusions were more abundant in tlio 
rose C|uartz and were only sparingly present in three ami entirely 
absent from one of the amethyst from Brazil (IV in table of analyses, 
page 554) purchased from the Foote Mineral Compau}". The larger 
average titanium content in the rose quartz is shown in the table 
of chemical anal}"scs on page 555. The minute, dark-colored, dust- 
liko inclusions in both varieties of the quartz were indeterminate as 
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to composition. They may possibly represent some form of iron 
oxide or manganese oxide or both. 

The evidence gained from microscopic study of the thin sections 
strongly indicates that the color of the two varieties of quartz can 
not be ascribed to microseopically visible inclusions, since in general 
character and abundance the inclusions were apparently not different 
from those frequently found in ordinary colorless quartz. 

HEATING TESTS. 

The color of many dispersely colored minerals has been shown to 
be very sensitive to high temperatures, and in some cases even to 
sunlight. Such minerals include halite, fluorite, amethyst, smoky 
quartz, topaz, zircon, tourmaline, etc. To this list should be added 
rose quartz and green feldspar (amazon stone). Upon testing it is 
very likely that other minerals will be shown to decolorize on heating. 

Previous worJc , — In 1883 Becquerel ^ showed that the color of 
the decolorized fluorite and halite was restored on exposure to the 
cathode rays. More recently Bcrthelot ^ (1906) and Simon ^ (1908) 
showed that the color of some of the decolorized minerals is restored 
on exposure to radium rays, while that of others was not restored 
by these radiations. From these experiments the conclusion was 
reached that for the minerals studied (zircon, amethyst, smoky 
quartz, red tourmaline, and Brazilian topaz by Simon), the color 
was due to inorganic and not to organic compounds, since exposure 
to radium rays restored the minerals to their original condition. 
Berthelot concluded that the coloring substance of smoky quartz, 
green fluorite, and emerald was organic, since the color of these 
minerals was not restored on exposure to radium rays after being 
decolorized by heating. Simon, however, was successful in restoring 
the color of smoky quartz after it was destroyed by heat, hence 
excepted to Berthelot^s conclusion regarding the nature of the 
coloring substance of this mineral. 

The action of Roentgen, cathode, and radium ra}^s on minerals has 
been extensively investigated by Kunz and Baskerville.'^ 

Worlc of the writers . — Heating tests were carried out by the writers 
on fairly large size fragments chipped from hand specimens of 
amethyst, rose quartz, blue quartz, green feldspar (amazon stone), 
and green and purple fluorite. The tests were made under uniform 
conditions in a closed platinum crucible heated in each case for 10 

» Compt. Rend., 1883, vol. 101, p. 205, 

> Idem, 1906, vol. 143, p. 477. 

* Xoues Jahrb. f. Min, etc., 1908, vol. 26, pp. 249-295. See translation by Edgar T. Wherry, Mineral Col' 
lector, 1908, vol. 15, pp. 165-168, 177-182. Contains numerous references to the literature of the color of 
minerals. 

< Science, 1903, vol. 18, p. 769; Mineral Collector, 1904, vol. 11. pp. 82-86. See Lockhart, Araer. Joum, 
Sci., 1905, vol. 8, p. 95, on luminescence; and Miethe, Ann. dcs Phys., 1906, vol. 19, p. 633, on the color 
changes in precious stones produced by radium preparations. 
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minutes in the flame of a No. 4 Meker burner, whicli yields a tompeni- 
ture of 1,120—1,140° C. Itxact measureinent of the tcmpcratiini to 
whicli the minerals were subjected was not made, but it was probaldv 
around 1,100° C. 

The results of these tests were that the original color of four speci- 
mens of ameth3"st, eight of rose quartz, and one each of green and 
purple fluorite and green feldspar (amazon stone) was completely 
destroyed. The minerals were completely decolorized on lieating, 
with the single exception of the deep green feldspar from Amelia 
County, Virginia, which assumed a faint pinkish color after cooling, 
due probably to the presence of ferric oxide. The luster on the clcav- 
age surfaces of the feldspar was not affected b}^ the heating. 

The color of the deep blue quartz from Nelson County, Virginia, 
was unaffected after heating for two jieriods of 10 minutes each, 
except that a pronounced rod color developed along original fracture 
lines in the mineral on cooling. No change in the original color 
for other portions of the mineral was observed. Robertson ‘ noted 
that after fusing a fragment of the blue quartz from the same locality 
before the hot-blast blowpipe flame, the mineral retained its color. 

From the results obtained b}- others it is probable that the color 
of the minerals tested by the writers would have been destroyed at a 
lower temperature and in a shorter period of heating. After an 
exposure for seven months to daylight there is slight indication of 
the return of the original color in the decolorized specimens of 
amethyst and fluorite, but not in the rose quartz, blue quartz, or 
green feldspar. 

DISCUSSION OF RESULTS. 

Amethyst , — The amethystine color of the amethyst variety of 
quartz has been attributed to the presence of a variety of substances 
by different investigators, but it has been generally assumed to bo 
due to the presence of manganese oxide dissolved and diffused through 
the quartz. Manganic oxide, titanic oxide, sodium ferrate, iron 
sulphocyanate, and organic matter are substances that have been 
reported by different writers as the cause of amethystine color in 
quartz. 

NabP suggested in 1890-1900 that the coloring matter of amethyst 
is duo to the presence of iron sulphocyanate, because the absorption 
spectrum of amethyst seemed to him to bo about the same as that 
of this compound in ether solution; and he believed that he estab- 
lished this further by anal}"ses showing the presence of sulphur and 
nitrogen. The more recent work of Berthelot and Simon, briefly 
summarized below, does not bear out this suggestion. 



* The Virginias, ISS5, vol. 6, p. 2. 

« Sltzber, Al:ad. Wiss., Wien, 1899, vol. 2; Min. und Cetrog. MItth., 1900, vol. 19, p. 2T8. 
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In 1904 Wherry^ suggested that the variety of amethyst quartz 
found in Delaware County, Pennsylvania, was probably colored by 
a titanium compound, since the microscope showed the presence of 
rutile inclusions. This might wcU be questioned in light of the 
investigations by the senior writer and others on blue quartz, which 
is discussed below. 

In 190G Bcrthelot- showed that when amethyst is decolorized by 
heating it regains its violet color on exposure to radium rays. Ho 
found that quartz and glass containing small amounts of manganese 
behaved similar!}^; hence the color of amethyst was referred by him 
to a slight manganese content. 

The investigation by Simon® in 1908 represents the most important 
contribution thus far made on the color of minerals. destroying 
the color of a number of disperscly colored minerals in oxidizing 
(oxygen), reducing (hydrogen), and Vvdicn necessary neutral gases, 
and examination of the chemical character of the resulting gases or 
distillates, Simon concluded that the colors of the five minerals 
investigated by him (zircon, amethyst, smoky quartz, tourmaline, 
and Brazilian topaz) were produced by unstable inorganic com- 
pounds. He states that these unstable inorganic compounds are 
simply rearranged at elevated temperatures but not destroyed, 
since exposure to radium rays or even to sunlight will restore them to 
their original condition. According to Simon, the exact nature and 
constitution of the coloring substances are not Imown. 

The work of the present writers eliminates, it is believed, the 
probability of inclusions of foreign sul)stances of visible microscopic 
size as a cause of amethystine color in quartz. While minute inclu- 
sions of varying solid and liquid substances were present in the 
thin sections of amethyst examined microscopically, they were of 
such character as regards distribution and quantity as not to be 
seriously considered as a cause of color. In the absence of ultra- 
microscopic study, the existence of foreign substances of submicro- 
scopic size can neither be denied nor affirmed. 

The analyses made of amcth}^st from different localities and 
tabulated on page 554 are important in showing appreciable quantities 
of the iron, manganese, and titanium oxides — metallic oxides wliich 
arc known to affect the color of minerals. Also the cobalt oxide, a 
highly colorative substance even in small quantity, was found in 
each of the four analyses of amethyst in quantity sufficient to impart 
a disthict blue color when taken up in a borax bead. Examination 
of the analytical results discloses the fact that both iron and titanium 
oxides exceed in amount several times that of manganese oxide. 

1 The Mineral Collector, 1904, vol. 11, p. .SS. 

» Compt. Kend., 1906, vol. 143, p. 477. 

> Xeues Jahrb. f. Min. etc., 1903, vol. 26, pp. 249-295. Translated by Edgar T. Wherry, Mineral Collector, 
19OS-0, vol. 15, pp. 163-168, 177-182. 



^'0.2220 COLORfJD VARIF/nES OF QUARTZ—WATSON <C- BEARD, 559 



However, in light of some recent quantitative work on amethyst 
carried out by George Steiger in the chemical laboratories of the 
United States Geological Survey, there is proof that the amount 
of manganous oxide reported in the analysis below is sufficient to 
produce the dc]Hh of color shown in the mineral which he analyzed. 
The mode of combination of the manganese is not necessarily the 
same. The amount of manganous oxide found by Steiger is less 
than that determined by the writers in the four spccirncJis tabulated 
on page 554. 

The results of the investigation by Steiger as prepared by him arc 
published below with his permission. 

A. Rose quartz from Creede, Colorado. 

B. Clear, f. airly dark colored crystals of amethyst, locality unkno\m. 

o - 3^ 

0. 0002 per cent. 0. 00012 per cent. 

The minerrds were finely powdered, 30gms. cf each were decomposed with sulphuric 
and hydrofluoric acids and evaporated, the heat being continued until the fluorine 
had been completely expelled, diluted with water, and filtered. 

Silver nitrate was added to the filtrate, manganese oxidized with ammonium 
persulphate, and determined by comparison of the color of this solution with a standard 
solution of manganese. 

In preparing the first samples a steel block was used in powdering. It was thought 
manganese might have been introduced through small fragments cf steel, and accord- 
ingly a second set cf ground samples were prepared, this time using an agate mortar 
in their preparation. Determinations in the second set checked ^vith the first as 
closely as could be expected. 

The following experiment is interesting in sho\\dng that such colors as are observed 
in these minerals can easily be accounted for by the quantities of manganese present. 

To 12 cc. of water (this amount roughly representing the bulk of 30 gms. of quartz) 
was added one-tenth cc. cf ])ermanganate solution containing 0.0000 gms. cf MnO 
per cubic centimeter. This soluticn contained an equivalent amount of raangancso 
per unit volume as the rose quartz; the color produced was of a much darker shade 
than that of the mineral. A similar experiment was carried out, using an equivalent 
amount of manganese to that found in the amethyst, and in this case the color of the 
solution was about that of the mineral. 

It is probable that the percentage amount of either of the three 
metallic oxides found on analysis (table of analyses, p. 554) is suf- 
ficient to produce disperse color in quartz. From the known 
chemical behavior of these substances when small portions are 
taken up on heating by other bodies, such as borax, salt of phos- 
phorus, glass, etc., manganese produces more exactly the color of 
amethyst than cither the oxide of iron or titanium. In the bead 
tests with borax and salt of phosphorus, manganese oxide yields 
amethystine color only when heated in the oxidizing flame, becoming 
colorless when heated in the reducing flame. The usual explanation 
for these reactions is that in the former case manganese is converted 
into a higher form of oxidation and in the latter it is changed by 
reduction to a lower form — MnO. From the carefully conducted 
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experiments by Simon on amethyst, the color, if due to manganese — 
and we believe that it is — seems to be independent of the processes 
of oxidation and reduction, since he found it was destroyed by 
heating the mineral in either an oxidizing or a reducing atmosphere, 
and likewise could bo restored on exposure to radium rays in an 
atmosphere of either oxygen or hydrogen. 

From the investigations thus far made into the cause of color of 
amethyst the following conclusions seem to be warranted: (1) That 
since the color can be destroyed in an atmosphere of either oxygen 
or hydrogen and restored in an atmosphere of either, it is inde- 
pendent of the processes of oxidation and reduction, which definitely 
eliminate organic substances as a cause of the color; (2) that it is 
due to some inorganic substance whose nature and constitution are 
yet to be definitely determined; (3) that of the metallic oxides 
shown to be present in amethyst by chemical analysis, manganese 
seems to be the most likely one to produce the amethystine color; 
(4) that the analyses of the mineral show a sufficient quantity of 
manganese oxide present to produce the color; and (5) that colloidal 
particles of submicroscopic size, probably manganese oxide, will be 
found upon ultramicroscopic study to be the cause of the color. 

Rose quartz . — larger number of thin sections of rose quartz from 
different localities were studied microscopically than of amethyst, 
but with practically the same results. Irregularly distributed inclu- 
sions of the same nature and approximate quantity were observed 
as in the amethyst, and are not regarded by the v/riters as having 
any effect in producing the color. 

Eight partial analyses of rose quartz from as many different 
localities v^ere made, with the results sho\ra in table on page 554. 
The same metallic oxides (TiOj, MnO, Fe 203 , and CoO) were found 
as in the amethyst, with somewhat similar variations in each con- 
stituent noted when individual analyses are compared. (See p. 559 
of this paper determination of manganous oxide in rose quartz from 
Creede, Colorado, by George Steiger.) Titanium dioxide (TiOj) 
averages higher, while manganous oxide (MnO) and ferric oxide 
(Fc 203 ) average lower for rose quartz than for amethyst. The color 
of the borax bead imparted by the very slight amount of cobalt 
oxide (CoO) present ranged from distinct blue to very pale blue; 
but on the whole the bead tests indicated probably a smaller content 
of cobalt oxide (CoO) than for amethyst. 

In every case the mineral was completely decolorized on heating, 
which was to be expected, since it is well Imown that the color ol 
rose quartz fades on exposure to daylight. The wri ers did not 
carry out any tests to determine the restoration of color of the 
decolorized specimens, but Doelter^ points out the lact* of restoration 



» Das Radium und die Farben, 1910, pp. ?I and 78. 
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of color destroyed by heat in the ease of rose (juariz, which proves 
that the color is due to organic and not to inorganic substances.^ 

Dana’ quotes Fuchs as stating that the color is due to titanium, 
since he found I to 1.5 per cent in specimens from Rabensteiii, near 
Bodenmais, and the former (Dana) then remarks that it may come 
in part from manganese. 

From the chemical nature of the metallic substances determined on 
analysis to bo present in rose quartz, the character of inclusions 
found on microscopic stud}^ of thin sections, the complete absence of 
the slightest indication of the original color being restored in tlio 
decolorized specimens on heating after exposure of seven months to 
daylight, and the lack of restoration of color destroyed by heat on 
exposure to radium rays by Doeltcr, the writers conclude that the 
color of rose quartz can not be attributed to an inorganic substance. 

Blue quartz . — By way of contrast it may be of interest here to 
briefly summarize the results of the investigations into the cause of 
blue color in some quartz. The occurrence in quantity of beautiful 
deep sky-blue opalescent quartz in quartzose igneous rocks and at 
times in metamorphosed sediments derived from them, is known in 
many localities both in this country and abroad, and has been the 
subject of investigation in a number. This variet}^ of quartz is b}^ no 
means uncommon in the Southern Appalacliians, and is particularly 
characteristic of some rock types of the Blue Ridge Mountains and 
its outliers in Virginia. 

The senior writer has examined microscopically many thin sections 
of blue quartz from different localities in the southeast Atlantic 
States, and in every case the substance of the quartz was found to 
be crowded with hairlike inclusions of rutile, which vrere frequently 
arranged with more or less crystallographic regularity. On the other 
hand, quartz of light color or colorless to dark sniok}^ often sliows 
inclusions of rutile needles, with no indication whatever of blue color. 

The blue color of the quartz was apparent in thin sections as well 
as in hand specimens. There is no evidence, however, that the 
included crystals of rutile observed in the quartz are blue in them- 
selves, althougli Dana re(*.ords among the varieties of color for rutile 
bluish and violet shades. Of the well-lmown laboratory tests for 
titanium, two impart a violet color (1) to the salt of phosphorus 
bead in the reducing flame when cold and (2) to a hydrocliloric acid 
solution when boiled with metallic tin, but neither compomid of 
titanium (TijOg and TiCIa), supposed to produce the color, is loiown 
to occur in nature. 

1 Soo p. 559 of this paper for amount of manganous oxide (MnO) found by Georgo Steiger in rose quartz 
from Creede, Colorado, and description of laboratory experiment. 

2 A System of Mineralogy, 1892, p. 187. 

7740S— Proc. N. M. vol. 58—17 
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From a chemical and microscopical examination into the cause of 
the blue color of quartz in Nelson County, Virginia, Robertson' 
concluded that ^^in view of the color of some of the varieties of 
titanic oxide, when seen by reflected light, it appears possible that 
the partial reflection of light by the surfaces of these microscopic 
crystals occasions the color m question, or the latter may be in a 
measure due to the interference of light occasioned by these crystals.^^ 
Blue quartz occurs as a constituent of the quartz members of the 
charnocldte rock series of India. On microscopic examination 
Holland found the blue quartz to be crowded with minute hairlike 
inclusions, presumably rutile, arranged with cr^^stallographic regu- 
larity. Concerning the cause of the blue color of the quartz he 
says: conclude that the hairlike inclusions, to which probably 

the blue color of the quartz is due, are arranged with crystallographic 
regularity.”- 

In his studies of the quartz-feldspar porphyry in which are 
developed phenocrysts of sky-blue opalescent quartz from Llano 
County, Texas, Iddiaigs^ states that the blue color of the quartz 
‘^is undoubtedly due to the reflections of blue hght waves from the 
minute colorless prisms, whose width is a fraction of the length of 
light waves. It is similar to the blue color of the sky. It is prob- 
able, however, that there is also blue light produced by interference 
of the light reflected from both sides of the minute tabular crystals 
whose width is also of the order of a fraction of a light-wave length; 
so that both kinds of phenomena occur within these quartzes.” 

In the comagmatic area of titanium-bearing rocks of Amherst and 
Nelson Counties, Virginia, deep blue opalescent quartz both in 
minute grains and in large masses is an abundant constituent. The 
blue color of the quartz is pronoimced even in thin section, and 
pressure effects are exhibited chiefly in gi’anulation, fractures, and 
wav}^ extinction. The most pronounced microscopic character of 
the quartz is the presence of abimdant closely crowded, minute 
hairlike inclusions of rutile, which are distributed rather imevenly 
through each grain. After a detailed study of the quartz from tliis 
area by Watson and Taber,^ the following conclusion as to color was 
stated: ^^It seems probable that the blue color of the quartz char- 
acterizing the rocks of the Amherst-Nelson Counties area is to be 
attributed to the multitude of hairlike mchisions as explained by 
Robertson, Iddings, and Holland.” 

A different cause of the color of the constantly present blue quartz 
in the Mifford granite of Massachusetts and Rhode Island has been 

i The Virginias, 1885, vol. 6, pp. 2-3. 

• Memoirs, Geol. Surr. of India, 1900, vol. 28, pt. 2, pp. 138-139. 

« Journ. ol Geology, 1901, vol. 12, p. 227. 

«Bull. Ill-A, Virginia Geol. Survey, 1913, pp. 214-215. 
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suggested by Emerson and Perry/ who state that state of strain 
has probably produced the blue color/' They say: ‘^Most of this 
quartz is blue, and this color appears also in the contact zones and 
oven in the secondary quartz that is found in fragments of schist 
wliich arc inclosed in the granite and which have been greatly altered 
by it. The fractured grains of quartz show with polarized light 
the strongest undiilatory extinction, which indicates a state of strain 
has probably produced the color." The authors do not mention at 
this place (p. 46) the occurrence in the quartz of rutile inclusions, 
but that they do occur is shown in a previous statement, where the 
contact effect of the Milford granite on schists is described. They 
say: These grains are often full of rutile needles, like true granite 

quartz." ^ 

The blue quartz of the Virginia rutile area is generally character- 
ized macroscopically by fractures and microscopically in tliin sections 
by undulatory extinction, but the senior writer attributes the blue 
color of the mineral to the behavior of light on the minute rutile 
inclusions and not to any state of strain. This view is strengthened 
by the fact that heating does not destroy the blue color of the quartz. 

J Bull. 311, U. S. Geol. Survey, 1907, p. 16. 

2 Idem, 1907, p. 32. 



